Self-assembly of N 6 -donor bis(terpyridine) ligand L with transition metal ions: Co(II), Mn(II) and Cd(II) leads to a formation of three kinds of supramolecular complexes. In the electronic absorption and emission spectra of supramolecular complexes additional bands were observed what was ascribed to the coordination of ligand molecules to metal ions. Luminescence properties of these complexes strongly depend on the kind of metal ions and counter ions. The effective blue luminescence was observed in the case of Mn(II) and Cd(II) complexes in which all N-donor atoms of ligand molecules coordinate with the metal center.
INTRODUCTION
In recent years, the study of photoluminescent supramolecular complexes has been attractive mainly due to their many potential applications. One of the most important physicochemical properties of supramolecular complexes are their luminescence properties 1 . Transition metal complexes which exhibit emission of light are attractive materials for the construction of organic light-emitting diodes 2-6 . Particularly d 10 metal ions, such as Zn(II) and Cd(II), are suitable for the construction of luminescent coordination complexes 7-9 . Such compounds often have selective properties and can be used as sensors for the detection of different anions or molecules 10, 11 . Previously we described synthesis of N 6 -donor ligand 6',6''-(2-phenylpyrimidine-4,6-diyl)bis(6-methyl-2,2'-bipyridine) and its self-assembly with transition metal ions 12, 13 . Bis(terpyridine) ligand L, obtained via Stille-type coupling reaction, in reactions with transition metal ions forms four types of supramolecular complexes (Scheme 1).
Complexes were characterized by spectroscopic and analytical methods and, in few cases, by X-ray analysis. Reaction of L with silver(I) ions leads to obtaining dinuclear helical complex, which is known as an active photocatalyst of degradation of organic pollution in water 13 . Structures of complexes with manganese(II), cobalt(II) and cadmium(II) ions strongly depend on the kind of anions. In the reactions of halide salts (chloride and bromide) mononuclear complexes have been obtained in which one N 3 -donor subunits of L does not take part in coordination with metal center. In the presence of nitrate anions dinuclear baguette complexes were formed. When reactions were carried out in the presence of perchlorate anions trinuclear complexes have been obtained. Cobalt(II) and manganese(II) complexes show interesting magnetic properties
12
. Some platinum(II) complexes with terpyridine ligand exhibit luminescence highly dependent on the temperature, type of counter ions, and solvents used for crystallization 14 
.
Herein we describe luminescence properties of mono-, di-and trinuclear complexes of Mn(II) (1-4), Co(II) (5-7) and Cd(II) (8, 9) complexes and the infl uence of different guests on their emission behaviour.
RESULTS AND DISCUSSION
Due to the solubility the electronic absorption and emission properties of ligand were studied in dichloromethane, while the electronic spectra of all metal complexes were recorded in acetonitrile solution. The spectroscopic data of dilute (~1 x 10 -5 M) solutions are given in Table 1 .
In view of the data obtained for the complexes from IR and elementary analyses, further corroborated by X-ray Scheme 1. Schematic representation of self-assembly of ligand L with transition metal ions diffraction solid state structure studies of 4, 5 and 6 12 , we have decided to investigate their behavior upon UV-Vis irradiation not only to determine the absorptive-emissive properties they display, but to essentially confront the hypothesis of the solely counterion-dependent self-assembly process.
The electronic absorption spectra in the UV region showed bands typical of π-π* ligand-based transitions (Table 1 , Fig. 1 ) 15 . The latter one is found for all the investigated compounds, irrespective of their nuclearity nor the chosen metal ion (Fig. 1) , manifested however by minute hipsochromic shifts (excluding 6 which is batochromic).
An additional, lower in energy, absorption band is visible upon coordination, particularly well developed for 4, 6, 7, 9 and macroscopically indicated by orange-yellow color of samples due to partial overlap with Vis region. Worth noting is the fact, that mononuclear complexes (1, 2, 5 and 8) (main point of reference being 5) do not exhibit the aforementioned bands or their molar extinction coeffi cients are signifi cantly lower.
Luminescence data comprise wavelengths at which complexes were excited together with maxima where the emission was the most intensive are listed in Table 1 . Ligand L and metal complexes showed luminescence bands centered around 370 nm when irradiated by UV light. This suggest that the emission is mainly ligand-based. The ligand-based luminescence intensity of compounds as well as the shape of spectra depends on the complexing agent -both the type of metal ions and the kind of anions. The ligand L and compounds 1, 2, 5 and 8 show the UV-Vis spectra with bands in the UV region centered at 278 and about 335 nm. On the excitation of the samples at both absorption bands, the same emission wavelengths in the emission spectra are observed. The higher values of emission intensity were measured for the lower energy absorption band.
In contrast to the complexes of Co(II) ions, additional broad bands with the maxima in the 470-490 nm region, are observed for the solutions of complexes 3, 4 and 9 respectively (cf. Table 1) (Fig. 2) . The photoluminescence spectra of 4 contain one strong emission band with the maximum at 483 nm and two weak peaks at 382 and 364 nm ( ex = 342 nm) (Fig. 2b) , while 3 exhibit three emission maxima at 483, 373 and 364 nm and 9 -two maxima at 468 and 375 nm (Fig. 2c) . The Co(II) ions just produce a quenching of the emission bands in the UV region of spectrum. As follows from the presented results the luminescence behaviour of the cadmium(II) and manganese(II) complexes are similar. With reference to the previous spectroscopic work on the luminescence of the Cd(II) complexes observed in these systems luminescence in UV region of spectrum is assigned to intraligand -* transitions, when the blue luminescence is related to the charge transfer transitions 16, 17 . The blue luminescent materials are important for the production of displays. Effi cient, blue luminescence was observed for 4 and 9 complexes due to the metal centers and different types of coordination structures. . When in coordination of the metal ions are involved NO 3 -anions, as in complex 3, the lower intensity of emission was observed. In the presence of halide ions in the structure of the metal complexes, the even weaker than the one sole L exhibits (Fig. 2) . The second stipulation explains why di-(6) and trinuclear (7) cobalt complexes lack the exclusive, lower in energy band.
What is more, they make coordinated ligand molecule an order of magnitude weaker emitter than the sole L.
In accordance with the aforementioned terms, one may conclude that the remaining compounds (3, 4 and 9) should enhance ligands emission in the visible region and indeed it is true. Complexes with Co(II) ions (which are luminescence quenchers) and halogen complexes of Mn(II) and Cd(II) shown only the ligand-based luminescence with different intensity.
EXPERIMENTAL SECTION
Metal salts were used without further purifi cation as supplied from Aldrich. Syntheses and characterization of the ligand L and its complexes [Mn 3 (L) 2 . All absorption spectra were recorded with a Shimadzu UV-2401PC spectrophotometer, between 200 and 800 nm, in 10 x 10 mm quartz cells using ~1 x 10 -5 M solutions with respect to the metal ion. Emission spectra were measured at room temperature on a Hitachi F7000 fl uorescence spectrophotometer with an excitation and an emission slits at 5 nm. blue luminescence was not observed in 1 and 2, however a very weak luminescence was reported in [8] .
Synthesis of complexes
Previously we reported that luminescence properties of Mn(II) and Zn(II) complexes with terpyridine ligand strongly depend on the kind of anions present in complex 6 . We have found a similar dependance in the case of these studies. It was found that in order for the latter to become not only present but also to be signifi cant in terms of luminescent properties, the following requirements must be fulfi lled: (i) counterions should be perchlorate or nitrate ions (chloride and bromide anions quench emission properties), (ii) templating metal ion must not be an inherent emission quencher. The fi rst condition eliminates mononuclear (1, 2, 5) complexes, which actually lack the long-wave band, whereas its intensity for 8 is substantially diminished and shallow i.e. 
CONCLUSIONS
Luminescence properties of supramolecular complexes with pyridine-bipyridine hybrid ligand strongly depend on the structure of complexes and the kind of metal ions. The best luminescence properties exhibit complexes in which (i) metal ion is not an inherent emission quencher (Mn(II) and Cd(II)) and (ii) counterions are perchlorate and nitrate anions. Such complexes are interesting luminescent materials for the construction organic light-emitting diodes and luminescent sensors.
